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By F.1?.Caldwell*andN. S.Clay**.

outa designofpropellerstobe madeofrnicarta

todepartsomewhatfromtheconventionaltypes

ofpropellerdesignsoas tomakethenmstadvantageoususeof

thepropertieswhicharepeculiazto thematerial.Itwouldbe

possibletotakethedesignofanordinarywoodenpropellerand .

builditinmicarta.Thiswouldgivea veryheavypropeller=-

however,which,ofcourse,wouldbe a veryseriousfaultina

propellertobeusedinaircraft.Theresultingpropellerwould

alsobenomoreefficientthanthecorrespondingwoodenpzopellw:

Theheaviestpartof thewoqdenpropelleristhehubbos$.

It is necessaryto

ingstressimposed

dencytosplitout

Inmicartawe

makethislargeonaccountof”thehighcrush-

by thedriveandalsoonaccountof theten-

throughthehubandboltholes.

aredealingwitha materialof enormously

greatercrushingstrengththanmood. At thesametime,thegrain _

isinonlyoneplaneinthecaseofmicartaso thatwemaymake

theplaneof thegrainperpendiculartotheaxisof rotationand

. avoidanydangerof splittingoutthroughthehubboss. Of course,
* AeronauticalEngineer,AirService,%x Department.+ **MaterialandProcessEngineeringDepartment,Westinghouse

ElectricandManufacturingCompany.,,
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.
in thecaseof thewoodenpropellerthe

planeparalleltoa radiallinethrough

blade.

2

splittingmayoccurinany

themainportionof tine

Theuseofmicartathuspermitsa muchsmallerhubbossthan

thecorrespondingwoodenpropeller.Thisinitselfmakesfora

considerablesavingofweight.

Atthe_sametime,freedomfromthetendencytosplitmakes

itpossibletousethinne~sectionswithmicartabladesthanis

possiblewithmostwoodenblades,andasa resultthereisanimp-

rovementin efficiency.

Itisalsopossibletousesomewhatnarrowertipswithmicarta

propellersthanwithwoodenones,andthisappearstobean advant-

agefromthestandpointof efficiencyinhighspeedpropellers. —

Ifthewoodenpropellersaremadeverynarrowat thetips,they

becometoofragiletos’~.ndtheabrasionof smallstones,grass,

etc. Onaccountofthegreatertoughnessof thematerial,andits

freedomfromanytendencytosplit,themi.cartabladesmaybemade

quitethinat thetipswithoutimpairingthemfromtheservice

standpoint-

Inthepracticaldesignofaircraftpropellersoneof themost .

destructiveforcesencounteredisa formoftorsionalvibration

usuallydescribedasflutter-Thisformof stressisoftenpartic-
.

ularlyseverebecause,whenoncestarted,itisapttoincreasein
4 severityduetotheabsenceofdamping.
t FromFig.11itisobviousthattheeffectof theairpressure
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onthebladewillbe tocauseittotwistinsucha wayas toin-—
8 creaseitsangle..AS soonas theangleisincreasedtheactual

amountOEairpressureisincreased,duetothehigherangleand-

at thesametimethepositionof thelineof resultantaitpres-

suremovestowardtheleadingedge;(shiftof centezofpressure
R

withincreaseof

blyincreasedb.y

forcetendingto

angle)sothatthetwistingmomentisconsidera-

a relativelysmallchangeinangle-Theonly

restorethebladetoitsinitialangleis the

elasticityof thematerial,Afterthisvibrationgetsunderway,

theenergyof theoscillationcontinuestoincreaseuntilitsrate

of increaseiseitherbalancedby theinternal.workoffrictionof

thematerialoritcontinuestoincreaseuntilfailureof thei)art
takesplace.

Themostobviousmethodofprofidinga dampingmeansforthis.
formofoscillationwouldbe to so design thebladethattheair

.
pressurewillcausetheanglestodecreaseratherthanincrease.

Themethodusedinwoodenpropellerstoapproachthisconditionis

todesignthepropellerswitha sharplycurvedleadingedgeand

nearlystraighttrailingedge.Thismethodwasappliedin thecase

of themicartapropellersTor theLibertyengineandforthe300

HPWrightengine(Fig.12).

Anothermethodofmakingtheanglesdecreaseundertheinflu-

enceof theairpressureisto

,theremainderof theblade,so

in torsionismovednearerthe*

1

maketheleading

thatthevirtual

leadingedge.

edgestifferthan

cente”rof gravity
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An inspectionofFig.13willshowtnattheeffectofmoving

thevirtualcenterof gravityof thesectionintorsionfarenough

forwardistocausethebladeangletodecreaseundertheeffectof

theairloading.ThisFillproducea dampingeffectsothatthe
{

torsionaloscillationsareneverapttobecomeexcessive.Inall

of themicartabladesanattempthasbeenridetireachthiscondi-

tionbymoldinginsmallpianowiresorotherreinforcingmaterial

Some*atasshowninFig.33. Aswillbe sho”wnlateron in this

article,thismethodisprefezeblefromthedesibmstardpoin%to

theuseofan excessivelycu~rvedleadingedge(Fig.14),because

thegreatcwrvaiiure,oftheleadingedgeusuallyintroducescentrif-
.

ugalbendingwmentswhichmaybequitesevere.

~ese centrifugalbendingmouentsareparticularlyobjection-.
ableinreversiblepropellerssincetiiebendingmomentsduetothe

‘1
airforcesareusuallyaddedtothoseduetocentrifugalforce

when

this

lers

thepropellezissetin thepositionofreversethrust=For ‘

reason, thebladesforthereversibleandadjustablepropel-

weremadesymmetrical,‘becentersof ~avityof thevarious

cross-sectionsbeingspacedina radiallineperpendiculartothe

axisofrdtation-T-hisarrangementeliminatesthebendingmoments

duetocentrifugalforcefromthestaticstressanalysissinceall

of thesemomentswillbe zero.Howthecentrifugalforceseffect

. thestresswhenthepropellerissubjectedtodeflectionwillbe

4 discussedlater.

b Considerablestudyhasbeengiveninallcountriesto the

_ —.— —-—..- --
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subjectoftheadjustablepitchpropellerasa meansofimproving

theperformanceofairplanes.Withtheconventionaltypeofgas–

olineenginepowerplant,thepropellermus~be designedtoabsorb

thepowerof theengineat thetopspeedoftheairplanewhenthe
t

engineisturningatitsmaximumsafespeed-Whentheairplane

isstandingonthegroundtheenginewillbeabletoturnthi$ ._

propelleratonlyabout65%ofthemaximumsafeenginespeedwhile .

duringtheclimbitwillbeabletoturnthepropelleratonly

about90%of themaximumsafeenginespeed.Thusat thetimeof
take-offstheengineisonlyableto developabout8!%of itsmx-.

imumpower,whileduringtheclimbit isabletodeveloponlyabout

9Q%ofthemaximumpower.By theuseof,adjustablepitchpropel-

lers,itispossibletoslightlyreducetheanglesOf theblades

duringtheclimbsothattheenginewayturnat itsmaxir?mmsafe.
speedatalltimes.Sincetheadjust~blepropellerinvolvesthe

changingof thebladeanglesfromthepilotlsseatwhiletheair-

planeisinmotion,thereisverylittleadditionalcomplication

inmakingtheohange,inanglegreatenoughsothatthepropeller

becomesa pusherinsteadofa tractor-Thisttieofpropelleris

knownasa reversiblepropeller.It is,of course,notusedasa

meansofactuallybackingtheaircraftexceptin thecaseofan

airship. Inthecaseofa?airplane,thereversedpropel-
, Ierisusedasa verYPowerfulbrake‘0bring‘heplanequickly‘0...

A restwhenlandingina confintispace,oronveryroughground,

* etc. Thisreversingfeatireisofnoparticularvalueforlanding
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suchas theumal airdromes.Asa means

ofextendingthefieldof the

landinginsmallspacesanda

theadjustatileandreversible

field.

airplaae,however,by permitting

bettertake-cfffzomtheseplaces>

prGpell.eroffersa verypromising

Thereversibleandadjustablepropellerwithmicartablades

.showninFig... 15.,isoneoftheUS* practicaldevicesyetworked

outforthispurFose.Itisquitestronginalldetails,weighs

verylittlemorethanthefixedpitchpropeller,andoperatesso

easilythattinepZtchmaybeadjustedwithtA70fingerson theoon-

trolleverwhentheengineisrunning.

Thebladesof thesepropellersaremadeinterchangeableas

topitchandbalancesothatanyblademaybe replacedbysimply

screwingonebla~eoutandscrewingina newone.

Fig.16 showsa frontviewof anairplaneequippedwithone

of theseadjustableandreversiblepropellerswithmicartal.)lades”

Fig.17 showsa sideviewof thesameairplaneandpropeller-

Thecounterweightsshownat thefzontofthepropellerarede- _ _

signedsothattheyexactlybalancethecentrifugaltwistingmom-

entsatallanglesandsFeeds,therebygreatlyreducingtheeffort

requiredtochangethepitchwhiletheengineisrunning-

Theferrulesintol:ihichthebladesscrewinFig.15arepro-
. vialedinternallywitha ballthrustbeazingwhichtakesup the

, centrifugalforceandtworadialballbearingstotakecareof tie _

* thrustandtorquebendingmomentsz
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Theferruleisalsoprovidedwitha seriesof36 equally

spacedholesattheouterendthroughwhicha capscrewpasses

intothebladestosecurethemfromunscrewing.Thecapscrew

holeinthebladeisdrilledby mesasofa jigina fixedrelation

tothebl<e angles.

Attheotherendof theferrule there are 12 equally spaced

holes,2 ofwhichmaybemadetomatchwith3 of 9 equallyspaced

holesintheoutercontroiringjwhichismadeintegral withthe

counterweight~Thispatenteddifferentialarrangementgives36

relativepositionsbetweentheferruleandcontrolringcorre-

spondingtothe35holesintheouterendoftheferrule.IttS.

thus~ssibletokeepthecon’trolringalwaysin exactlytheproper

relationtothebladeangles-

. Themethodofadjustingthepitchisinureor lessobvious

fromthephotographsandneednotbe describedindetail”

Atthecockpitthereisa patenteddevicetoinsurethrottling

whilethepropellerispassingthroughtheneutralposition,thus

preventingtheenginefromracingwiththepropeller

pitch~

Inordertotestthestrengthof theattachment

inneutral

to.thefer-

rule, a seriesofitestsontheshearingstrengthofthradedcm- ._

vasmicartaspeci~enswasmadeby screfingthethreadedspecimen
.
ina cylindricalmetalsleeveandapplyingpressu~eina testing

. machineuntilfailureoccurredby shearingof thethreads-The

+ valuesaretabulatedin table.
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Allof thespecimensshowa shearingstrengthinexcessof

4000lb.persq.in.of Sheaxing arsa, Contraryto ex~ectations,
thefinerthreadsshowsomewhathigherun~-tstrengthinshearthan

thecoarseropss.Allof tinespecimenswerethreadedwiththe

buttressform”ofthreaddesignedtocarryloadinonedirection

onlyzThesetestsindicatethattheactualattachmentof the

bladehasa shearingstrengthofalwut180,000lb.whichis some-

whatin excessofthetensilestrengthof tinebladeat theshank.

Thenormalloadof thispart,inoperationisabout20,000lb.

Thesedetachablebladesarealsomadeup toinstallinfixed

pitchpropellers.Fig.18 showsa propellerarrangedtoprovide ,

detachableandinterchangeablebladesforthe180HPWrightengine,

whileFig-19 showsa three-bladepropellermadeup forthe300

H?Wrightengine.

Manywhirlingtestshavebeenrunonalldifferenttypesof

micartapropellers.Oneofthemostinterestingtestswasa run

of 300hourson theLibertypropeller,r.ostofwhichwascarried

outatan inputof 500HP. Thistestwasrunbeforeanyof the

propellerswerereleasedforservice.A laterseriesof tests

wasrunby testingfivepropellemat1000HP inputuntildestruc-

tion

type

.

. type

occurred.Thisseriesof testsresultedinadoptingthe

ofhubdr~veshowninFig.20,

Oneof theLibertymicartapropellersequippedwiththis

ofhubdrivewithstooda testof25hoursat 1000HP input

beforefailureoccurred.6

—— ——
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A numkerofinterestingflighttestshavebeenmadewiththe

Libertymicar%apropeller(Fig.“21).Fig.22 showsa compaza’tive

testof theLibertymicarta“prcpelleranda woodenprcpellerfor-

thesameengineandairp~ane.

Thecurvesshowthatthe

of2 milesperhourmorethan

micarta~ropellereve a tcpspee&

thewoodenpropellerwhileturning

about120R.P.M.slows??.In ppiteof tk.elo~erRoP.M.of tile

micartapropell~y,therateofclimbforthetwoisabo~tthe

same.At thetopspeedthem>c=tapropellershoresanimprovement_

of 7*infueleconcmy,althoughYneplaneisflying2 milesper

hourfaster.

Intheabove,aneffo~thasbeenmadetodescribethemicarta

propellerdesignsina semi-technicalway. Inthenextarticle,

an effortwillbemadetogivesomedataon thedesie!nsfromthe.

standpointofaerodynamicsandstresses-

●

—— . -.
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Table

Shearing.— strengthofMicartaThreads..

No. Micarta i)vig* Threads Length Diameter
Noe perin. outside

2 Wood 9 6 2 3

4 Canvas 11 8 2 3

5 Canvas 10 4, -..- 2 3
~

.10 Canvas 3 ,1 2 2 4
I .

11 Canvas 7 f 6, ““2 4

12 Canvas ~ 61 4 2 4
I

ShearingStrengthofMicartaThreads(Cent● )

No* Root ‘ I Tkxead
diameter1 ~,~ea

I
atroot

2 I 2.74 I 15.06

I 15.3’3

5 I 2.62
I

14.40

11I 3*74I 20-56
I-2 I 3.62

I
19.90

46000.

57000 “

50000

55000

58500

37000

Yield
sq.in.

3,054

3,704

3,472

3,078

2,845

1,859

** 100.000 lb.for28 hours

Maximum Ult.
load Str.

#pe~
Scl.ln~

‘“85;000 5,644

92,000 5,978.,
?8,700 5Z465

100,000 5,596**..
100,o~” 4,8G4***,.
100,000 5,025****

. *** 100;000lb. for15minutes
**** 100,OOOlb.for4 minutes

.

.
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Fig.11.
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